Molecular phylogeny, phylogeography and genetic structure of the genus Dryomys Thomas, 1906 from Turkey were identified by using partial sequences of beta-fibrinogen intron 7 and mitochondrially encoded 12S ribosomal RNA genes and also combined data of two genes. Within Dryomys nitedula species, both, nuclear and mitochondrial genes coherently separated the Thrace lineage from the other lineages in Anatolia. Contrary to this, complex and incomprehensible phylogenies were recovered for Anatolian populations of this species. The analysis of the combined data of these two genes resolved mentioned complexity and incongruity and made phylogeny compatible with the results of past studies for the relative position of the Anatolian lineages. Thus, the presence of four different lineages (one in Thrace and three in Anatolia) within D. nitedula in the localities exemplified across Turkey was confirmed. Genetic differentiation (K2P distances) between the lineages were moderate at the level of intraspecific diversity. In addition to this, genetic distance (K2P = 5.5%) determined between D. nitedula and D. laniger conformed the distance suggested for the separate species of mammals. Evolutionary divergence time estimations demonstrated that the probable divergence between D. laniger and D. nitedula and among its detected lineages started in the border of Late Miocene and Pliocene (5.3 Mya) and lasted to the beginning of the Calabrian Stage of Pleistocene (1.8 Mya) in line with the previous results obtained from fossil and molecular data.
INTRODUCTION
Turkey is placed at the junction of Europe, Asia, the Arabian Peninsula, and the Caucasus. Biogeographically, its location enables species movements and faunal exchange between the geographies above. Besides, the variable topographic and climatic characteristics as well as being inclusive of floristic elements from Irano-Turanian, Euro-Siberian and Mediterranean phytogeographical regions, has resulted in the formation of rich biological diversity in Turkey (Akman 1982 , Bİlgİn 2011 . Moreover, several geographic barriers such as Western Anatolia Mts, Black Sea Mts, Taurus Mts, Eastern Anatolia Mts, known as "The Anatolian Diagonal" as well as the "Turkish Straits System" cause allopatry and thus both species diversity and intraspecific genetic diversity increase (Bİlgİn 2011, Korkmaz et al. 2014 Korkmaz et al. , Şeker et al. 2018 . Both species diversity and intraspecific diversities observed in mammalians in Turkey properly represent two major levels of present biodiversity concept addressed at three levels, with the approximately 170 species and numerous subspecies (Primack 1993 , Wilson & Reeder 2005 , Yİğİt et al. 2006 . New mammal species have also been discovered recently, in studies focusing on, especially, intraspecific variations, and using different methodologies, such as morphology, geometric morphometry, and genetics (Gündüz et al. 2007 , Yİğİt et al. 2016 .
One of the mammalian genus, Dryomys Thomas, 1906 , is presented by two rodent species D. nitedula (Pallas, 1778) and D. laniger Felten et Storch, 1968, in Turkey . Dryomys laniger only lives in the Taurus Mountains and is an endemic species to Turkey. Intraspecific variations in this species have not been yet studied. On the contrary, it has been documented that D. ni te dula involves numerous subspecies in Palaearctic, three main genetic groups in Russia and the Caucasus and also four main lineages in Turkey identified by the traditional methods (morphology, karyology, and allozyme) and also by the mitochondrial DNA (Wilson & Reeder 2005 , Grigoryeva et al. 2015 , Bisconti et al. 2018 . These data make it clear that highly complex intraspecific variability exists within this species. To shed light on, especially, complex intraspecific variations in D. nitedula, phylogeny and phylogeography of the genus Dryomys in Turkey were contributed by current work using partial sequences of one mitochondrial (12S ribosomal RNA, 12S rRNA), one nuclear gene (beta-fibrinogen intron 7, Fib7) and by the combined data of both gene sequences. The mitochondrial DNA is inherited as a single linkage group and supplies just one independent estimate of the species tree. Therefore, obtained phylogenies based on solely mtDNA can create a mismatch between the gene tree and species tree because of lineage sorting. The way to exceed this mismatch is to use several genes from different linkage groups like nuclear DNA, thus obtained gene trees ensure independent estimates of the species tree. For the same purpose, gene trees constructed by nuclear-encoded introns have been extensively used in conjunction with the mitochondrial DNA trees to make stronger inferences about species trees. In this context, the beta-fibrinogen intron 7 gene has been regarded as a potentially valuable marker for resolving phylogenies of relatively recently evolved groups. Intron sequences in nuclear genome neutrally evolve and include highly variable nucleotide sequence compared to exons (Prychitko & Moore 1997) .
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MATERIAL AND METHODS
Sequence analyses of mitochondrial 12S ribosomal RNA (12S rRNA) and beta-fibrinogen intron 7 nuclear gene (Fib7) of D. nitedula and D. laniger samples from Turkey were examined. A detailed description of studied samples and additional samples employing as outgroups from GenBank was in Figure 1 and Table 1 . The CTAB isolation protocol was used to obtain total genomic DNA from diverse tissues (Doyle & Doyle 1990 ). The primer pairs of BFIBR1 and BFBR2 for amplification of Fib7 gene (Seddon et al. 2001 ) and L1091 and H1478 for 12S rRNA gene (Kocher et al. 1989 ) was used in the PCR reaction. PCR reactions were executed in Applied Biosystems® Veriti® 96-Well Thermal Cycler according to the Kocher et al. (1989) for 12S rRNA and Seddon et al. (2001) for Fib7 genes. After amplification, PCR products were run in 70 V for 90 minutes in 1XTAE on 0.8% agarose gel. Thermo Scientific GeneRuler, 100 bp DNA Ladder marker system, was used to detect the estimated size of each DNA samples on agarose. The agarose gels were stained in ethidium bromide (EtBr) solution for 30 minutes, and later KODAK Gel Logic 100 System was employed for visualization of all gels. The DNA sequencing was performed by Macrogen Europe (Macrogen Inc., Amsterdam, Netherlands). The BioEdit 7.0.9 (Hall 1999 ) was used to achieve alignment processes and consensus sequences of both genes. The 12S rRNA, Fib7 and combined data sets included approximately 390 or 391, 614 and 1004 or 1005 bp of sequences, respectively. Table 1 also contains detailed explanations of the samples in the 12S rRNA, Fib7 and combined data sets used in the phylogenetic and network analyses. The maximum likelihood (ML) phylogenetic tree were constructed for 12S rRNA and Fib7 sequences, implemented in MEGA 7 (Kumar et al. 2016) . The Bayesian Inference accomplished by BEAST was used to estimate phylogenetic relationships based on combined data set (Drummond et al. 2012) . Divergence time dating was estimated by BEAST v1.8.0 (Drummond et al. 2012) . The best fit nucleotide substitution models, HKY, K2 and TN93 + G, (Kimura 1980 , Hasegawa et al. 1985 , Tamura & Nei 1993 were respectively selected for 12S rRNA, Fib7 and for the combined data sets accord- Table 1 ing to results obtained by the employment of the Bayesian information criterion (BIC) and corrected Akaike information criterion (AICC) in MEGA 7 (Kumar et al. 2016) . Reliability of constructing tree topologies was tested by nonparametric bootstrap (1000 replicates) and by Bayesian posterior probability (BPP). To surpass the threshold of effective sample size (ESS >200), one independent MCMC (Markov Chain Monte Carlo) for 10,000,000 generations with a sampling frequency of every 1000 generations in the Bayesian analysis were accomplished in BEAST v1.8.0 (Drummond et al. 2012) . Tracer v1.6 (part of BEAST package) was employed to control whether the ESS values were greater than 200 in the independent run. TreAnnotator v1.8.0 (part of BEAST package) was used to summarize the tree file containing 10,000 trees by removing the initial 10% (1000 trees) of the sampled trees as burn-in. To compute the BPPS and divergence times of the tree nodes, the 50% majority rule consensus tree was constructed. The Mus/Rattus split showing a normal distribution (mean: 11.7 Mya and standard deviation: ±0.4 Mya) was employed as a calibration point in the divergence time analysis (Benton & Donoghue 2007 , Voloch & Schrago 2012 . The Bayesian tree was visualized and edited by FigTree v1.8.0 (Rambaut 2008) . To display among evolutionary relations of clades, a median-joining network was build using Network 5.0.0.3 (Bendelt et al. 1999) .
For inference of genetic diversity, number of segregating sites (S), number of haplotypes (h), haplotype (Hd) and nucleotide diversity (π) statistics were calculated. Additionally, to determine populations size changes, the neutrality tests for each gene using Tajima's D (Tajima 1989 ) and Fu's F statistics (Fu 1997) were performed by DNAsp v6 (Rozas et al. 2017 ). Tajima's D statistic is negative when there are high levels of new mutations or recent population expansion. In the case of a small amount of new mutations, a balanced selection or a decrease in the population size, this statistic is positive. Fu's F statistics is a robust test used to detect population expansion under hypothesis of neutrality. This statistics takes high negative value when there are large numbers of newly formed haplotypes in the population or recent population expansion. Genetic distance estimations of combined data under Kimura-2 parameter (K2P) model with 1000 bootstrap replicates and basic descriptive statistics of the nucleotide sequences belonging to the two genes were calculated by MEGA 7 (Kumar et al. 2016 ).
RESULTS
In total, for Dryomys nitedula and D. laniger in order, 11 and two haplotypes in the 12S rRNA and 18 and one haplotypes in the Fib7 gene region were identified (see Table 2 for details). The basic descriptive statistics of the nucleotide sequences belonging to the 12S rRNA and Fib7 genes were separately calculated (Table 3) . Total haplotype diversity of two genes was relatively higher in all lineages of D. nitedula but moderate in D. laniger only for 12S rRNA. In D. nitedula, total nucleotide diversity of 12S rRNA in all studied animals was higher than that of the Fib7 gene having a moderate level. As for D. laniger, total nucleotide diversity that was able to calculate only for 12S rRNA was at a low level (Table 4) probably because of the small sample size.
Each of the two gene regions and combined data had its own topology and produced three or four lineages within Dryomys nitedula. The common point of these topologies was that within D. nitedula, the Thrace lineage (L1) was precisely separated from the other lineages in Anatolia (L2, L3 and L4). The reason for the complexity in the topologies was the exhibition of different geographic distribution patterns of the determined lineages in Anatolia. According to this; (1) the L2 contained only Central Anatolian populations in the (2) the L3 consisted of only Northeastern Anatolian populations in 12S rRNA tree, but some of the populations constituting this lineage joined in either the Central Anatolia lineage (Fib7 tree) or left the Şavşat population (BI tree). In general, intraspecific nodes in all tree topologies were well supported by at least 70% bootstrap value in ML and at least 0.83 posterior probability in BI. There were no common haplotypes between the lineages of D. nitedula and the network analysis indicated a relatively compatible pattern with the phylogenetic trees made for both genes (Figs 2-4) . When the dating analysis was taken into account, a node with the age of 8.05 Mya (95% HPD: 4.63-12.22 Mya), corresponding the Late-Miocene origin, was inferred between D. nitedula and D. laniger. The diversification of the lineages within D. nitedula occurred at the same time as a period ranging from Fig. 4 and Table 5 ). For the combined data, K2P distances revealed a moderate genetic differentiation among the four main lineages, as indicative of intraspecific variation (Table 5 ). The results of the neutrality tests (Tajima's D and Fu's F statistics) for both genes indicated that D. nitedula populations were steady in time. Fig. 2 . Haplotype network and ML phylogenetic tree arising from the analysis of 12S rRNA data set. Size of the circles in the haplotype network reflects the haplotype frequencies explained in detail in Table 2 . In ML tree, the bootstrap statistics were identified on major nodes. The map shows possible geographic distribution of major D. nitedula clades in Turkey determined by 12S rRNA data set Although Tajima's D statistic was negative and significant for the Fib7 gene region of all D. nitedula populations, this statistic both had a small value and Fu's F statistics were positive indicating stability of population's size (Table 4 ).
DISCUSSION
Past studies on D. nitedula taxonomy were chiefly based on morphological differentiation, which contributed to description of numerous subspecies and thus led to the complexity in its taxonomy (Yİğİt et al. 2003 , 2011 , Wilson & Reeder 2005 . To reduce this complexity and to reach more precise taxonomic judgments for this species, initially mtDNA sequence variations have been started to use, and then nuclear genes have been used in conjunction with the mt DNA analysis (Grigoryeva et al. 2015 , Bisconti et al. 2018 . The present study is the first, which comprise both mitochondrial and nuclear DNA sequences in the genus Dryomys in Turkey. The results obtained in the current study and the past molecular studies have shown that there are Fig. 3 . Haplotype network and ML phylogenetic tree arising from the analysis of Fib7 data set. The circles in the network are proportional to the haplotype frequencies detailed explained in Table 2 . Bootstrap statistics were indicated for major nodes in the ML tree. The map on the right side in the figure shows possible geographic distribution of major D.
nitedula clades in Turkey determined by Fib7 data set significant intraspecific genetic differentiations in D. nitedula compatible with the genetic species concept (Bradley & Baker 2001) .
In a general frame of phylogenetic positions of the lineages within D. nitedula, the reconstructed phylogenies collectively demonstrated that Thrace lineage is a separate genetic group differing from the other lineages in Anatolia. This conclusion contrasts with the allozyme data (Yiğit et al. 2011) . Contradictory phylogenies of Anatolian populations separately shown by one mitochondrial and one nuclear gene may be attributed to the limited variations in the partial sequence of 12S rRNA, to the slow evolution rate of Fib7 and also relatively little sampling site and sample size. The combined data analysis eliminated this contradictory situation and supported the existence of three genetic lineages in Anatolia, which was congruent with the results of a previous study ). The level of genetic divergence (K2P distance; ranging from 0.6 to 1.3) calculated for the combined data between all lineages was at a moderate level compared to the previous results of ND1 gene sequence variation . Nevertheless, indicated intraspecific diversification (K2P < 2%) within D. nitedula is in accordance with the genetic species concept (Bradley & Baker 2001) . Confidence intervals of divergence time estimations indicated the time period corresponding to the border of Late Miocene and Pliocene to the Calabrian stage of Pleistocene. Mentioned time period was coherent with the occurrence time of some geographic barriers such as Turkish strait system, North Anatolia Mountains in Anatolia and Lesser Caucasus in the northeastern of Turkey (Şengör & Yilmaz 1981 , Kerey et al. 2004 , Popov et al. 2006 . Impacts of those geographic barriers on the genetic differentiation of Turkish forest dormouse populations which were previously documented by Kankiliç et al. (2018) could be considered as the main reason for the lineage differentiation determined in this study.
The other representative species of the genus, D. laniger endemic to Turkey, was positioned as a basal group in all phylogenetic trees. The genetic distance of this species with D. nitedula (K2P: 5.5%) was high and indicated the presence of the separate biological species (Bradley & Baker 2001 , Baker & Bradley 2006 . Divergence time estimation between these two species referred to the end of the Miocene, which was the acceptable divergence time for D. laniger and D. nitedula, according to the data obtained from both molecular markers and fossils (Franzen & Storch 1975 , Daams 1981 , Montgelard et al. 2003 ).
This study is employing mitochondrial and nuclear genes, in order to provide a new perspective to the molecular phylogenetics and phylogeography of Dryomys in Turkey. Fib7 and 12s rRNA genes led to relatively contradictory phylogenetic patterns, because the Fib7 dataset was phylogenetically much less informative and partial sequence of 12s rRNA was used. In contrast to this, the combined data set rather suggested a congruent model with the past results concerning the phylogeny of D. nitedula from Turkey. Because of the lack of extensive geographic sampling, the intraspecific variations of the endemic species, D. laniger, could not be appropriately determined. Turkey is an important location for the biodiversity of Europe (Hewitt 1996) . Even if not directly, this study also aims to emphasize the biogeographic importance of Anatolia in global phylogeographical assessments. However, for such a global phylogeographic assessment specific to Dryomys and, to better understand the role of Anatolia in Europe's biodiversity, it is required to use other molecular markers such as widely used cytochrome b gene of mitochondrial DNA (Grigoryeva et al. 2015 , Bisconti et al. 2018 .
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